The aim of the present study was to establish cancer stem-like cell ⁄ cancer-initiating cell (CSC ⁄ CIC)-targeting immunotherapy. The CSC ⁄ CIC are thought to be essential for tumor maintenance, recurrence and distant metastasis. Therefore they are reasonable targets for cancer therapy. In the present study, we found that a heat shock protein (HSP) 40 family member, DnaJ (Hsp40) homolog, subfamily B, member 8 (DNAJB8), is preferentially expressed in CSC ⁄ CIC derived from colorectal cancer (CRC) cells rather than in non-CSC ⁄ CIC. Overexpression of DNAJB8 enhanced the expression of stem cell markers and tumorigenicity, indicating that DNAJB8 has a role in CRC CSC ⁄ CIC. A DNAJB8-specific cytotoxic T lymphocyte (CTL) response could be induced by a DNAJB8-derived antigenic peptide. A CTL clone specific for DNAJB8 peptide showed higher killing activity to CRC CSC ⁄ CIC compared with non-CSC ⁄ CIC, and CTL adoptive transfer into CRC CSC ⁄ CIC showed an antitumor effect in vivo. Taken together, the results indicate that DNAJB8 is expressed and has role in CRC CSC ⁄ CIC and that DNAJB8 is a novel target of CRC CSC ⁄ CIC-targeting immunotherapy.
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C olorectal cancer (CRC) is one of the major malignant diseases worldwide and has the second-highest mortality rate in the United States.
(1) Although recent approaches have achieved improvements in CRC treatment including novel combination chemotherapies and molecular-targeting therapies, the prognosis of patients with metastasis and recurrence is still poor. Thus, development of therapy for advanced CRC is an urgent task. Cancer stem-like cells ⁄ cancer-initiating cells (CSC ⁄ CIC) are defined by their ability of tumor initiation, self-renewal and differentiation. (2) It has been reported that CSC ⁄ CIC are resistant to chemotherapy and radiotherapy. (3) The CSC ⁄ CIC with these features are considered to be related to metastasis and recurrence and to be important therapeutic targets.
Immunotherapy for cancer has attracted much attention as a new strategy compared with traditional therapies such as chemotherapy and radiotherapy. Identification of the first human tumor-associated antigens (TAA) in the early 1990s enabled cancer immunotherapies using antigenic peptides derived from TAA. (4) Some peptide vaccination trials showed fascinating results; however, there are also pessimistic opinions. (5, 6) Our previous trials using a Survivn 2B-derived peptide vaccine showed partial clinical benefits for some cancer patients, but the results were not sufficiently satisfactory. (7) (8) (9) (10) (11) (12) There are many reasons why peptide vaccine therapies are not so effective in clinical settings, one of the main reasons being antigen loss on cancer cells. Therefore, the ideal targets for cancer immunotherapy are thought to be TAA that have critical functions for CSC ⁄ CIC maintenance, since CSC ⁄ CIC have a high tumor-initiating ability. (13) DnaJ (Hsp40) homolog, subfamily B, member 8 (DNAJB8) belongs to the heat shock protein (HSP) 40 family. The HSP40 family proteins are co-chaperones of HSP70 and DNAJB8 has a role in suppression of misfolded toxic protein aggregation. (14) Recently, it has been reported that some members of the HSP40 family are related to the development and metastasis of cancers and that their expression was detected in breast cancer stem cells. (15) We found that DNAJB8 was expressed preferentially in CSC ⁄ CIC derived from renal cell carcinoma. DNAJB8 was expressed only in the testis among normal tissues and thus it is a novel cancer ⁄ testis antigen. Moreover, we confirmed its immunogenicity by using a mice DNA vaccination model, indicating that DNAJB8 is a promising target of CSC ⁄ CIC-targeting immunotherapy. (16) However, it is not clear whether DNAJB8 is expressed in human CSC ⁄ CIC of other cancers, including CRC. In the present study, we analyzed the expression and functions of DNAJB8 in CRC and the potency of DNAJB8 as a target for CRC CSC ⁄ CIC-targeting immunotherapy.
Materials and Methods
Cell lines. Colon adenocarcinoma cell lines SW480 (HLA-A*0201 ⁄ 2402), HT29 (HLA-A*0101 ⁄ 2403) and HCT15 (HLA-A*0201 ⁄ 2402) were kind gifts from Dr K. Imai (Sapporo, Japan). All cells were cultured in DMEM (Sigma-Aldrich, St Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS) (Life Technologies, Carlsbad, CA, USA). The erythroleukemia cell line K562 was purchased from ATCC (Manassas, VA, USA) and was cultured in RPMI-1640 (Sigma-Aldrich) supplemented with 10% FBS. The HLA-A*2402 stably transfected transporter associated with antigen processing (TAP)-deficient cell line T2A-A*2402 (T2-A24) was a kind gift from Dr K. Kuzushima (Nagoya, Japan) and was cultured in RPMI-1640 supplemented with 10% FBS and 0.8 mg ⁄ mL G418 (Life Technologies).
Retroviral gene transduction and generation of stable transformants. Transduction of genes into cells was carried out using a retrovirus-mediated method as described previously. (16) PLAT-A cells (a kind gift from Dr T. Kitamura, Tokyo, Japan), which are amphotropic packaging cells, were transiently transduced with a pMXs-puro retroviral vector expressing DNAJB8 and a control plasmid using Lipofectamine 2000 reagent (Life Technologies) following the manufacturer's protocol. Retroviral supernatants were harvested 48 h after transfection. The supernatant was used for infection of HT29 cells in the presence of 8 mg ⁄ mL of polybrene (Sigma-Aldrich) overnight. For the generation of stable transformants, the infected cells were selected with 1 lg ⁄ mL puromycin. DNAJB8 expression was confirmed using western blot analysis.
Side population (SP) analysis. The SP analysis was performed as described previously. (16) (17) (18) The cells were labeled with Hoechst 33342 dye (Lonza, Walkersville, MD, USA) for 90 min at concentrations of 10 lg ⁄ mL for HCT15, 7.5 lg ⁄ mL for HT29 and 5 lg ⁄ mL for SW480 with or without Verapamil (Sigma-Aldrich), which is an inhibitor of ATP-binding cassette (ABC) transporters, at concentrations of 100 lM for HT29 and 50 lM for SW480 and HCT15. Cells were counterstained with 1 lg ⁄ mL propidium iodide (Sigma-Aldrich) for labeling dead cells. Viable cells were sorted using a BD FACS Aria II CellSorting System (BD, Franklin Lakes, NJ, USA).
Xenograft model. All mouse procedures were carried out in accordance with institutional protocol guidelines at Sapporo Medical University School of Medicine. The SP cells and presorted cells from colon cancer cell lines were mixed with Matrigel (BD) at a 1:1 volume and injected subcutaneously into the back of 4-8-week-old female non-obese diabetic ⁄ severe combined immunodeficiency (NOD ⁄ SCID) mice. Tumor size was assessed weekly using a caliper and calculated using the following formula: tumor size (mm
RT-PCR analysis and quantitative RT-PCR analysis. RT-PCR analysis was performed as described previously. (16) Total RNA (tRNA) were isolated from SP, main population (MP) and unsorted cells using an RNeasy Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer's protocol. Complementary DNA (cDNA) was synthesized from 2 lg of total RNA by reverse transcription using Superscript III reverse transferase (Invitrogen, Palo Alto, CA, USA). A cDNA panel for a set of normal human adult tissues and fetal tissues was purchased from Clontech (Mountain View, CA, USA). RT-PCR was performed in 20 lL of PCR mixture containing 1 lL of cDNA mixture, 0.5 lL of Taq DNA polymerase (Qiagen, Valencia, CA, USA) and 4 pmol of primers. The PCR mixture was initially incubated at 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 15 s, annealing at 58°C for 30 s and extension at 72°C for 30 s. The primer pairs used for RT-PCR analysis were 5′-CATGATGGAGACGGAGCTGA-3′ and 5′-ACCCCGCTCGCCATGCTATT-3′ for SOX2 with an expected PCR product size of 410 base pairs (bp), 5′-AG CTCTGTGGACTGCTGGTT-3′ and 5′-GGACGCCAGTTG CAAAGTAT-3′ for DNAJB8 with an expected PCR product size of 409 bp, 5′-CCCGACAAGAACCCTGACAAT-3′ and 5′-AGGTGGATGAGAAGGTGGTG-3′ for POU5F1 with an expected PCR product size of 163 bp, 5′-CTCTTCCTCAA ACCGTCTGC-3′ and 5′-GATCGGAGGCTAAGCAACTG-3′ for LGR5 with an expected PCR product size of 181 bp and 5′-ACCACAGTCCATGCCATCAC-3′ and 5′-TCCACCACCC TGTTGCTGTA-3′ for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) with an expected product size of 452 bp. Quantitative real-time PCR was performed using an ABI PRISM 7000 sequence detection system (Life Technologies) according to the manufacturer's protocol. Primers and probes were designed by the manufacturer (TaqMan gene expression assays; Life Technologies). Thermal cycling was performed using 40 cycles of denaturation at 95°C for 15 s followed by annealing at 60°C for 1 min. Each experiment was performed in triplicate, with normalization to the GAPDH gene as an internal control.
Sphere formation assay. To assay sphere formation efficiency, 10 3 cells were plated in Ultra Low Attachment six-well plates (Corning Incorporated Life Sciences, Acton, MA, USA) and cultured in Dulbecco's modified Eagle's medium ⁄ F12 (Life Technologies) supplemented with 20 ng ⁄ mL epidermal growth factor and 20 ng ⁄ mL basic fibroblast growth factor (R&D Systems, Minneapolis, MN, USA). The cells were incubated in a 5% CO 2 incubator for 2 weeks and the number of spheres was counted under a microscope in 15 low-power fields and then the average was calculated.
Synthetic peptides and peptide binding assay. Putative antigenic peptides can be designed using several website programs, such as BIMAS (http://www-bimas.cit.nih.gov/molbio/hla_bind/). Four peptides, DNAJB8_22(8) (AYRKLALRW), DNAJB8_90 (10) (GYTFRNPEDI), DNAJB8_99(9) (IFREFFGGL) and DNAJB8_143(9) (AFMEAFSSF), were designed from the amino acid sequence of DNAJB8 according to the HLA-A24-binding motifs.
Peptide binding affinity to HLA-A24 was assessed using HLA-A24 a stabilization assay as described previously. (19) Survivin-2B_80(9) (AYACNTSTL) peptide was used as a positive control and SL8C (SIINFEKL), which is a H2-K b -binding peptide derived from Ovalbumin protein, was used as a negative control.
Cytotoxic T lymphocyte (CTL) induction and establishment of CTL clone. The PBMC were isolated from two healthy volunteer donors, from whom we obtained informed consent according to the guidelines of the Declaration of Helsinki, using standard density gradient centrifugation on Lymphoprep (Nycomed, Oslo, Norway). Isolation of CD8 + cells and establishment of phytohaemagglutinin (PHA) blast were performed as described previously. (20, 21) The CTL induction was performed as described previously. (20, 21) CD8 + T cells were stimulated with a peptidepulsed PHA blast for 2-3 times weekly. On day 21, CD8 + T cell reactivity was assessed using interferon (IFN)-c enzymelinked immunospot (ELISpot) assay. On day 28, the cytotoxic activity of T cells was assessed using a conventional 6-h 51 Cr release assay. To obtain CTL clones, standard limiting dilution was performed as described previously. (21) Interferon-c ELISpot assay and cytotoxicity assay. An IFN-c ELISpot assay was performed as described previously. (21) CD8 + T cells, 2 9 10 5 , were incubated with 5 9 10 4 ⁄ well T2-A24 cells pulsed with each peptide (50 lg ⁄ mL) or K562 cells. After incubation for 40 h at 37°C, IFN-c spots were developed and counted as per the manufacturer's instructions.
The lytic activity of CTL was tested using a 51 Cr release assay as described previously. (20, 21) 
Statistical analysis. In the xenograft model, cytotoxicity assay and CTL adoptive transfer model, samples were analyzed using Student's t-test, with P < 0.05 conferring statistical significance.
Results
Expression of DNAJB8 in CRC CSC ⁄ CIC. Human CRC CSC ⁄ CIC have previously been isolated from CRC cell lines and primary CRC samples using several methods, including the use of cell surface markers (e.g. CD133), SP cells using Hoechst 33342 analysis and the Aldefluor assay. (22) (23) (24) (25) (26) In the present study, we isolated CRC CSC ⁄ CIC using SP cell analysis. Although previous studies showed that some colon cancer SP cells were not enriched with a CSC ⁄ CIC population, (27) our previous study confirmed that SW480, HT29 and HCT15 SP cells had high tumor-initiating ability, high expression levels of stem cell markers such as SOX2 and POU5F1 and strong resistance to chemotherapeutic agents compared with MP cells. (18) The ratio of SW480 SP cells was 4.0%, that of HCT15 cells was 5.5% and that of HT29 cells was 0.8%. All of these SP cells were specifically inhibited by verapamil, an ABC transporter inhibitor (Fig. 1a) . Expression of DNAJB8 mRNA in SP cells and MP cells was examined using RT-PCR. DNAJB8 mRNA was detected in SP cells derived from SW480, HCT15 and HT29 cells, whereas DNAJB8 mRNA was not detected in MP cells (Fig. 1b) . Thus, DNAJB8 is one candidate of CSC ⁄ CIC-specific antigens in CRC as well as in renal cell carcinomas. DNAJB8 mRNA was detected in SP cells derived from HT29 cells at the highest level (Fig. 1b) and therefore HT29 cells were used for further analysis. The quality of SP cells derived from HT29 cells as a source of CRC CSC ⁄ CIC was confirmed by higher expression levels of stem cell markers, including SOX2, POU5F1 and LGR5, using RT-PCR and by a higher tumor-initiating ability in a xenograft model than those of MP cells (Fig. 1c, d) .
Role of DNAJB8 in CRC CSC ⁄ CIC. To evaluate the functions of DNAJB8 in HT29 cells, we established DNAJB8-overexpressed cells. We confirmed the overexpression of DNAJB8 mRNA using quantitative RT-PCR (Fig. 2a) . Expression levels of the stem cell markers SOX2, LGR5 and POU5F1 were increased by 2.2-fold, 2.3-fold and 2.1-fold, respectively, in DNAJB8-overexpressed HT29 cells compared with the level in the control HT29 cells (Fig. 2a) . The percentage of SP cells in DNAJB8-overexpressed HT29 cells was higher than that in control HT29 cells (Fig. 2b) . To confirm the tumorigenicity in vivo of DNAJB8-overexpressed HT29 cells, we used a xenograft transplantation model. The DNAJB8-overexpressed HT29 cells showed higher tumor-initiating ability compared with HT29 control cells (Fig. 2c) . A sphere formation assay was used to evaluate CSC ⁄ CIC-like features. DNAJB8-overexpressed HT29 cells showed higher sphereforming ability than that of HT29 control cells (Fig. 2d) , indicating that overexpression of DNAJB8 induced CSC ⁄ CIC properties.
Establishment of DNAJB8-targeting immunotherapy. To verify the immunogenicity for peptides from DNAJB8 protein, DNAJB8-specific CTL were induced using HLA-A*2402-positive healthy volunteer donors. Candidate antigenic peptides carrying the HLA-A*2402-binding anchor motif were screened according to the amino acid sequence of DNAJB8 protein and there were four candidate peptides (DNAJB8_22 [8] , DNAJB8_90 [10] , DNAJB8_99 [9] and DNAJB8_143 [9] ) (Fig. 3) . The HLA-A24 binding ability was then assessed using a HLA-A24 binding assay with SL8C peptide as a negative control and Survivin-2B_80(9) as a positive control. DNAJB8_22(9), DNAJB8_99(9) and DNAJB8_143(9) showed ability to bind to HLA-A24, whereas DNAJB8_90(10) did not (Fig. 3) . Therefore, DNAJB8_22(9), DNAJB8_99(9) and DNAJB8_143(9) peptides were used for further CTL induction experiments.
The PBMC of two healthy volunteer donors (A and B) were stimulated using a mixture of DNAJB8_22 (9), DNAJB8_99 (9) and DNAJB8_143(9) and then the reactivity for each peptide was evaluated using a IFN-c ELISpot assay and 51 Cr release assay. Interferon-c secretion was observed for DNAJB8_22(8)-pulsed and DNAJB8_143(9)-pulsed target cells from both donors using a IFN-c ELISpot assay (Fig. 4a) , whereas cytotoxic activity was detectable for only DNAJB8_143(9)-pulsed target cells using a 51 Cr release assay (Fig. 4b) . Therefore, DNAJB8_143(9) peptide is a candidate for DNAJB8-targeting immunotherapy. We generated four CTL clones specific for DNAJB8_143(9) from donor A (CTL clone #21, 67 and 84) and one clone from donor B (CTL clone #70) and performed further analysis using CTL clone #84. The DNAJB8_143(9)-specific CTL clone showed cytotoxic activity for T2-A24 cells pulsed with DNAJB8_143(9) peptide but not for T2-A24 cells without the peptide or for K562 cells (Fig. 4c) . To verify whether this CTL clone can recognize endogenously presented DNAJB8_143(9) peptide of DNAJB8-positive CRC CSC ⁄ CIC, we performed a 51 Cr release assay using SP cells derived from HT29 cells. The DNAJB8_143(9)-specific CTL clone showed greater cytotoxic activity for HLA-A*2402+ HT29-SP cells than for HLA-A*2402+ HT29-MP cells or HLA-A*2402-DNAJB8-K562 cells (Fig. 4d) . These results indicate that DNAJB8_143 (9) peptide is an immunogenic epitope and that the endogenously processed peptide is presented on the surface of SP cells.
Finally, we evaluated the antitumor effect in vivo of the DNAJB8-specific CTL clone using a therapeutic CTL adoptive transfer model. The DNAJB8-CTL clone-transferred group showed a significant antitumor effect compared with that in the control group (Fig. 4e) . The group with 10 4 CTL injection showed a tendency for a greater antitumor effect than that in the group with 10 3 CTL injection. These results indicate that DNAJB8_143 (9) peptide is an immunogenic epitope and is a candidate for CRC CSC ⁄ CIC-targeting immunotherapy. 
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Discussion
The CSC ⁄ CIC are resistant to standard cancer therapies including chemotherapy and radiotherapy, (3) and one of the major topics in research on CSC ⁄ CIC is how to target CSC ⁄ CIC. Cancer immunotherapy is a novel approach for targeting CSC ⁄ CIC. Some reports, including our previous reports, have indicated a relationship between CSC ⁄ CIC and immunotherapies. Todaro and colleagues reported that human colon CSC ⁄ CIC were killed by cd T lymphocytes in vitro. (28) Ning and colleagues reported that the vaccinations of dendritic cell (DC) pulsed with mice melanoma CSC ⁄ CIC and mice squamous cell CSC ⁄ CIC conferred effective antitumor effects in vivo. (29) However, there have been no reports showing direct killing of human CSC ⁄ CIC by CTL. Thus, we analyzed the susceptibility of CRC CSC ⁄ CIC specific for CEP55, a novel TAA of CRC. (18) We showed that a CEP55 peptide-specific CTL clone could efficiently recognize SP cells as well as MP cells of human CRC and could kill xenograft tumors derived from SP cells in vivo. (18) In the present study, we identified DNAJB8 as a novel CRC CSC ⁄ CIC antigen and showed that CTL specific for DNAJB8-derived peptide efficiently recognized SP cells derived from HT29 cells. The CTL clone specific for CEP55 recognized both SP and MP cells at similar levels, (18) while the CTL clone specific for DNAJB8 recognized SP cells at a higher level than that of MP cells. CEP55 is expressed in both SP and MP cells at similar levels, while DNAJB8 is preferentially expressed in SP cells. Since DNAJB8 is preferentially expressed in CSC ⁄ CIC, the combination of DNAJB8-targeting immunotherapy with standard therapies including chemotherapy and radiotherapy might be an effective approach to eradicate cancer. The CTL clone specific for DNAJB8 showed lower, but significant cytotoxicity for MP cells (Fig. 4d) , whereas MP cells did not express DNAJB8 mRNA (Fig. 1b) . The SP cells might have the ability to differentiate MP cells and DNAJB8 mRNA is suppressed according to SP cell differentiation into MP cells. The protein or antigenic peptides of DNAJB8 may remain for a while after differentiation. Therefore, the cytotoxicity for MP cells may be specific for DNAJB8 peptide.
Both the CEP55-specific CTL clone and the DNAJB8-specific CTL clone efficiently recognize CRC CSC ⁄ CIC. In our previous review article, we reported that TAA can be distinguished according to the expression patterns in CSC ⁄ CIC and non-CSC ⁄ CIC, which are: (i) CSC ⁄ CIC antigens, which are expressed preferentially in CSC ⁄ CIC; (ii) shared antigens, which are expressed in both CSC ⁄ CIC and non-CSC ⁄ CIC at similar levels; and (iii) non-CSC ⁄ CIC antigens, which are preferentially expressed in non-CSC ⁄ CIC. (30) In the mouse DNA vaccination model, Dnajb8 showed a greater antitumor effect than that of Survivin. (16) Dnajb8 is a CSC ⁄ CIC antigen and Survivin is a shared antigen. CSC ⁄ CIC antigens might be better than TAA at achieving an antitumor effect and DNAJB8 might be a better target than CEP55 or Survivin. In our previous clinical trials, we used Survivin-2B-derived antigenic peptides. (7) (8) (9) (10) (11) (12) Therefore, use of the CSC ⁄ CIC antigen DNAJB8 may therefore improve the clinical outcome of a peptide vaccination trial.
DNAJB8 is a cancer ⁄ testis antigen and many other cancer ⁄ testis antigens are preferentially expressed in CSC ⁄ CIC. (31) However, the functions of most known cancer ⁄ testis antigens in CSC ⁄ CIC are not known, indicating that there is a risk of antigen loss when targeted by CTL. DNAJB8 has a role in the maintenance of CSC ⁄ CIC and it might therefore be a better candidate for CSC ⁄ CIC-targeting immunotherapy. In the present study, we used DNAJB8 stably overexpressed cells to analyze the functions of DNAJB8 and most of the cells are supposed to express DNJAB8. However, the increase in rates of SP cells was partial (Fig. 2b) . DNAJB8 might be essential for the maintenance of CSC ⁄ CIC; however DNAJB8 might not be sufficient and other factor(s) may be necessary to induce CSC ⁄ CIC.
In summary, we identified DNAJB8 as a novel functional CSC ⁄ CIC antigen in CRC. A DNAJB8-specific CTL clone Cr release assay using the DNAJB8_143(9)-specific CTL clone. We established CTL clones recognizing DNAJB8_143(9) and evaluated cytotoxic activity against side population (SP) cells and main population (MP) cells derived from HT29 cells. (e) Tumor growth of HT29 cells in a therapeutic adoptive transfer model. HT29 cells were inoculated subcutaneously into the back of five NOD ⁄ SCID mice and CTL clone cells or PBS was injected intravenously 3 weeks later. Tumor growth was measured weekly. Data represent means AE SD. Differences between groups were examined for statistical significance using the Student's t-test.
derived from a HLA-A*2402 donor showed antitumor ability both in vitro and in vivo. DNAJB8 is a candidate for CSC ⁄ CIC-targeting immunotherapy.
